US 2005/0198904 A1l

trictive properties in response to electrical or mechanical
fields. An example of an electrostrictive-grafted elastomer
with a piezoelectric poly(vinylidene fluoride-trifluoro-eth-
ylene) copolymer. This combination has the ability to pro-
duce a varied amount of ferroelectric-electrostrictive
molecular composite systems. These may be operated as a
piezoelectric sensor or even an electrostrictive actuator.

[0069] Materials suitable for use as an electroactive poly-
mer may include any substantially insulating polymer or
rubber (or combination thereof) that deforms in response to
an electrostatic force or whose deformation results in a
change in electric field. Exemplary materials suitable for use
as a pre-strained polymer include silicone elastomers,
acrylic elastomers, polyurethanes, thermoplastic elastomers,
copolymers comprising PVDF, pressure-sensitive adhesives,
fluoroelastomers, polymers comprising silicone and acrylic
moieties, and the like. Polymers comprising silicone and
acrylic moieties may include copolymers comprising sili-
cone and acrylic moieties, polymer blends comprising a
silicone elastomer and an acrylic elastomer, for example.

[0070] Materials used as an electroactive polymer may be
selected based on one or more material properties such as a
high electrical breakdown strength, a low modulus of elas-
ticity—(for large or small deformations), a high dielectric
constant, and the like. In one embodiment, the polymer is
selected such that is has an elastic modulus at most about
100 MPa. In another embodiment, the polymer is selected
such that is has a maximum actuation pressure between
about 0.05 MPa and about 10 MPa, and preferably between
about 0.3 MPa and about 3 MPa. In another embodiment, the
polymer is selected such that is has a dielectric constant
between about 2 and about 20, and preferably between about
2.5 and about 12. The present disclosure is not intended to
be limited to these ranges. Ideally, materials with a higher
dielectric constant than the ranges given above would be
desirable if the materials had both a high dielectric constant
and a high dielectric strength. In many cases, electroactive
polymers may be fabricated and implemented as thin films.
Thicknesses suitable for these thin films may be below 50
micrometers.

[0071] As electroactive polymers may deflect at high
strains, electrodes attached to the polymers should also
deflect without compromising mechanical or electrical per-
formance. Generally, electrodes suitable for use may be of
any shape and material provided that they are able to supply
a suitable voltage to, or receive a suitable voltage from, an
electroactive polymer. The voltage may be either constant or
varying over time. In one embodiment, the electrodes adhere
to a surface of the polymer. Electrodes adhering to the
polymer are preferably compliant and conform to the chang-
ing shape of the polymer. Correspondingly, the present
disclosure may include compliant electrodes that conform to
the shape of an electroactive polymer to which they are
attached. The electrodes may be only applied to a portion of
an electroactive polymer and define an active area according
to their geometry. Various types of electrodes suitable for
use with the present disclosure include structured electrodes
comprising metal traces and charge distribution layers, tex-
tured electrodes comprising varying out of plane dimen-
sions, conductive greases such as carbon greases or silver
greases, colloidal suspensions, high aspect ratio conductive
materials such as carbon fibrils and carbon nanotubes, and
mixtures of ionically conductive materials.
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[0072] Materials used for electrodes of the present disclo-
sure may vary. Suitable materials used in an electrode may
include graphite, carbon black, colloidal suspensions, thin
metals including silver and gold, silver filled and carbon
filled gels and polymers, and ionically or electronically
conductive polymers. It is understood that certain electrode
materials may work well with particular polymers and may
not work as well for others. By way of example, carbon
fibrils work well with acrylic elastomer polymers while not
as well with silicone polymers.

[0073] While the disclosure has been described with ref-
erence to an exemplary embodiment, it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing from the scope of the disclosure. In
addition, many modifications may be made to adapt a
particular situation or material to the teachings of the
disclosure without departing from the essential scope
thereof. Therefore, it is intended that the disclosure not be
limited to the particular embodiment disclosed as the best
mode contemplated for carrying out this disclosure, but that
the disclosure will include all embodiments falling within
the scope of the appended claims.

1. A vehicle window system, comprising:

a movable window slidably disposed within a stationary
frame;

a seal assembly in sealing communication with the mov-
able window, the seal assembly comprising a active
material operative to change at least one attribute in
response to an activation signal, wherein a seal force of
the seal assembly against the window changes with a
change in the at least one attribute of the active mate-
rial;

an activation device in operative communication with the
active material; and

a controller in operative communication with the activa-

tion device.

2. The vehicle window system of claim 1, wherein the
active material comprises a shape memory alloy, a shape
memory polymer, a ferromagnetic shape memory alloy, an
electroactive polymer, an electrorheological fluid, a magne-
torheological elastomer, a dielectric elastomer, a magne-
torheological fluid, piezoelectric material, an ionic polymer
metal composite, or combinations comprising at least one of
the foregoing materials.

3. The vehicle window system of claim 1, wherein the
active material forms an actuator, wherein the actuator is
external to the seal assembly.

4. The vehicle window system of claim 1, wherein the
movable window is in operative communication with a
motor.

5. The vehicle window system of claim 1, wherein the
movable window is in operative communication with a hand
crank.

6. The vehicle window system of claim 1, wherein the seal
assembly comprises a plurality of strips and/or wires of the
active material embedded within a seal structure.

7. The vehicle window system of claim 1, wherein the seal
assembly has a cross sectional area that selectively decreases
or increases in response to the activation signal.



